ABSTRACT From 1972 to 1981 40 patients have required urgent valve replacement for left-sided bacterial endocarditis. The aortic valve was replaced in 31 patients, the mitral valve in four, and both in five patients. Twenty-six patients (65.5%) were in functional class IV heart failure according to the New York Heart Association criteria, and 13 patients (32-5%) were in class III heart failure at the time of operation. One patient in class II was operated on urgently for multiple cerebral embolism but died of fatal cerebral haemorrhage. In 22 patients (55%) there were no pre-existing valvular lesions and these patients were found to be more liable to develop severe haemodynamic failure. Premature closure of the mitral valve, documented by M-mode echocardiography, was a useful diagnostic aid and successfully determined the best timing of surgery in 14 out of 20 patients with severe aortic regurgitation. Cardiac arrest before operation appeared to be a significant risk factor (p = 0-0015) unless followed by immediate cardiopulmonary bypass. There were eight operative deaths (20%). Of 26 patients who were in functional class IV heart failure, 19 were operated on within four days of their haemodynamic deterioration and all survived. The operation was delayed in the remaining seven patients and none of them survived (p = 0.000003). There were no operative deaths among the patients in class III heart failure. There was only one episode of reinfection in the 16 patients followed up for at least three years. The duration of postoperative antibiotic treatment (four to six weeks in our patients), rather than any preoperative antibiotic regimen, seems to be important for preventing reinfection. At present there are 28 survivors, of whom 24 are in functional class I and four in class II.
Valve replacement for native valve endocarditis is a well-established treatment, particularly for the patient with intractable heart failure. The initial uncertainty about insertion of a prosthesis in the presence of active infection has disappeared and several reports in recent years have argued strongly in favour of urgent valve replacement irrespective of the stage and control of infection. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] We describe here our experience of native valve replacement in patients with left-sided bacterial endocarditis after urgent admission to hospital.
Patients and methods
The names of all patients who required native valve replacement because of bacterial endocarditis from 1972 to 1981 were drawn from the central computer service of our hospital and the Scottish Home and Health Department. The case notes of all patients were then consulted. The latest follow-up data were obtained from outpatient visits and letters from and telephone conversations with the general practitioners and from questionnaires sent directly to the patients.
The presence of endocarditis was confirmed when at least two of the following criteria were fulfilled: (a) two Thirty-two out of 40 patients (80%) were operated on for haemodynamic failure, four for persistent infection, and the other four for multiple embolic episodes (table 1). In 19 out of 26 patients who were in NYHA class IV the operation was performed within 3-72 hours of haemodynamic deterioration. In the remaining seven patients the operation was delayed for more than four days and up to 11 days. Most patients in class III showed relatively slow but progressive deterioration and operation was performed often because of persistent infection or embolism. Twenty patients were operated on for severe aortic regurgitation. Thirteen of these presented with the acute aortic incompe- found to be otherwise normal and most of these patients were in NYHA class IV heart failure, in contrast to the patients with pre-existing rheumatic or congenital lesions of the valves (table 2) .
Streptococci were the commonest organisms isolated from the preoperative blood cultures; in nine patients (22.5%) the blood culture was negative (table 3) . When the organisms were related to the NYHA functional class (table 4), there was a higher incidence of staphylococcal infection in the group with class IV heart failure (10 out of 26) than in the class III group (two out of 13).
Both M-mode echocardiography (in 23 patients) and in recent years two-dimensional echocardiography (in six patients) were used for preoperative assessment (fig 1) . Out of 20 patients with severe aortic regurgitation, 14 showed premature closure of mitral valve in M-mode echocardiography (fig 2) . All these patients were operated on within 72 hours of their investigations and all survived.
The findings are summarised in table 5. Vegetations were present on all valves, and the left coronary cusp was more commonly torn or detached than the right or non-coronary cusp among the incompetent aortic valves. At the time of operation active infection was present in 11 out of 40 patients and in eight patients organisms were grown from the excised valves. In 17 out of 36 excised aortic valves there was subannular abscess formation and in 12 of these patients there was preoperative evidence of an atrioventricular conduction defect. In six patients multiple abscess cavities were found to be interconnected under the annulus, with loss of circumferential supporting tissue. In these patients stitches were applied to the base of the mitral leaflet and the muscles of the left ventricular outflow tract, and in one case the right ventricular outflow tract was opened for secure placement of sutures. Insertion of a larger-sized prosthesis appeared to be easier in these patients. Size 27 aortic prostheses were inserted in 11 out of 17 patients with aortic root abscess and in five out of 19 patients with infected aortic valves but without any abscess around the root (p < 0.05).
There were eight postoperative deaths, giving an operative mortality rate of 20%. Six out of 31 patients died after aortic valve replacement and two out of five after aortic and mitral valve replacement. Necropsy was carried out in six patients. A postoperative low output state was the commonest cause of death (four out of eight patients) and all these patients had sustained a single or repeated cardiac arrest before their operation; after resuscitation they remained critically ill until operation, for 18-52 hours (table 6 ). In contrast, two patients who had a cardiac arrest soon after the induction of anaesthesia had an immediate cardiopulmonary bypass established, and both survived the operation and remained well.
One patient died of acute aortic dissection (type 1) on the ninth postoperative day. Another patient, who had sustained multiple cerebral embolism before the operation, died of cerebral haemorrhage due to rupture of a mycotic aneurysm and two others died following postoperative cardiac arrest, one of whom was thought to have had pacemakerinduced ventricular fibrillation.
The mortality in patients with severe haemodynamic failure was significantly higher when surgery was delayed for more than four days. Out of 26 patients in functional class IV, 19 were operated on within four days of their haemodynamic deterioration and all survived. The operation, however, was There were four reoperations. One patient developed prosthetic endocarditis eight months after aortic valve replacement. In the second patient there was periprosthetic leakage without any evidence of infection. The leak was adjacent to an old abscess cavity. The third patient presented with a thrombosed mechanical prosthesis. In the fourth, who had both aortic and mitral valve replacement, the mitral heterograft calcified within two weeks and he required reoperation (details already published25). There were four late deaths, from one to four years after the native valve replacement (table  7) . There was no evidence of infection at the time of death. Among the 16 surviving patients out of the 23 having native valve replacements up to 1978, who were followed up for at least three years (mean 5-3 years), there was one episode of reinfection (table 8) .
Currently there are 28 survivors, with a mean follow-up of four years (range six months to 10 years). Twelve of them were in NYHA class III and 16 were in class IV at the time of their native valve replacement. Now 24 patients are in NYHA functional class I and four in class II.
Discussion
Since the introduction of potent antibiotics, intractable heart failure has replaced sepsis as the commonest cause of death in bacterial endocarditis. '2 Now, almost 20 years after the first successful valve replacement for bacterial endocarditis, '3 it is apparent that a large proportion of patients with severe heart failure can be saved by rapid surgical intervention. Moreover, there is evidence that delay in surgery only increases the morbidity and mortality, '3-15 and the apparent inadequacy of preoperative antibiotic treatment in patients requiring urgent operation does not necessarily increase the risk of reinfection-.6 17 A logical approach to further improvement in surgical management would be to identify the patients who are at high risk of developing severe heart failure and to pursue a policy of operating on patients at risk before rather than after they have developed irreversible pulmonary oedema and myocardial dysfunction.
In this study 22 patients (55%) presented with infected valves which were anatomically and histologically normal. By contrast, a review of published cases in 1974 showed that only 28% of patients had presented with a normal valve. '8 This appears to be a recent trend, and half of the patients in our series have presented only during the last three years. This has also been confirmed in a multicentre collaborative study. '9 Recent studies also show an increasing incidence of staphylcoccal infection.8 14 Staphylococci tend to infect the normal valves more frequently than the valves with preexisting disease '9 and '6 and believe that the duration of postoperative antibiotic treatment rather than any antibiotic regimen used before the operation is important for the prevention of reinfection. This study indicates that patients with native valve endocarditis who have no pre-existing valvular lesions are more liable to develop severe haemodynamic failure than are patients with known valvular heart disease. M-mode echocardiography should be used to monitor premature closure of mitral valve in all patients with moderate-to-severe aortic regurgitation and premature closure should be considered as an important indication for urgent surgery. We have also confirmed that a delay of more than four days before operation in patients with haemodynamic failure is related to significantly higher mortality and cardiac arrest during medical management should be followed not only by resusci-tation but also by immediate cardiopulmonary bypass. Finally, the duration of preoperative antibiotic treatment does not have any influence on the incidence of reinfection and an acceptably low reinfection rate can be achieved by continuing appropriate postoperative antibiotics intravenously for at least four weeks.
